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S1: Additional Methodological Detail

Here, we give additional detail regarding the model and its inputs. We begin with a discussion of the
airborne transmission model and derive the expressions shown in Fig 1 of the main text. We then review
the literature relevant to our choices of input parameters, with a particular focus on the viral density p
and the volume of aerosols emitted per unit time ¢. We conclude by presenting a case in which the model

closely reproduces observed airborne concentrations in a Singapore hospital.

Airborne Transmission Model

Fig 1 in the main text illustrates a standard “box” model of air flow that can be applied to aerosolized viral
spread under appropriate assumptions, including SARS-Cov-2 by other authors [[1-3]. Using this model,
we derive g, the quanta emitted by the index patients, as they depend on breathing rate B, exposure time
T, air or virion removal rate A, and room volume V. By comparing the results of this model to estimates of
g based on the Wells-Riley exposure model, we are able to derive an expression for S, the quanta emission
rate of the index patient. (The bar notation S, denotes a time-average: in the cases considered, the index
patient is neither breathing nor talking/singing for the entire period, and Sy averages across these activities
during the event). This result permits estimation of the infection rate based solely on knowledge of the
physical parameters of a hypothetical future scenario. However, it can also be combined with the virus-
exhalation rate model presented below to reveal the viral dose threshold .

Fig 1(a) illustrates the model principle and key parameters: an index patient releases a volume of
aerosols per unit time at ¢, and each aerosol contains p virions/unit volume. Equivalently, the index patient
releases infectious quanta at a rate S;, where, by definition of a quanta, p - ¢ = S,Ny. Air exchange and
other factors cause infectious virus to decay at a rate A. The overall concentration of virions is governed by
a dimensionless dilution factor GG, which is a function of the virion decay rate A, the room volume V, and
an interaction time 7T'. Susceptible individuals breathe in virus-laden air at a rate B, resulting in a fraction
r of them becoming infected. Fig 2 shows how each case’s physical or epidemiological parameters (V, G,
B, T, r) give a value of S, for that case, which are averaged across cases to give an estimate of the emission
rate S, used to estimate the infection rate 7 in a hypothetical scenario.

Given the concentration (virions/unit volume of air) of virions C(f) and inhalation at a constant breath-
ing rate B (volume/unit time breathed in/out) for a total time T, the total number N of virions breathed

inisN =B fOT dt C(t). The concentration C depends on both spatial coordinates and time. It is common
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in indoor air quality calculations to make the simplifying assumption that the air is “well-mixed” — i.e.
that the virions are spread evenly across the volume in the room so that one can neglect the spatial depen-
dence. This assumption is justified if the time for virions to spread across the room is small compared to
the timescale of the decay processes above due to air exchange and other virion losses. The mixing time
for cough-generated aerosols has been characterized, where a coughing simulator was placed on one end
of a2.7m x 2.7m x 2.4 m environmental chamber, and the concentration of small aerosols (0.3-4.0 pm) was
measured as a function of time at various locations [4]. The measurement found that after about 5 minutes,
the concentration reached a steady state which was uniform across the room. Note also that in the experi-
ment, the chamber was sealed during the coughing simulation (zero air exchanges per hour) so that there
was no airflow that would cause additional mixing.

Within the well-mixed approximation, we can calculate the number of virions n(t) over time. We assume
that the person emits S new virions per unit time, and that since the air is well-mixed, the number of
virions lost to decay per unit time is A - n(t), where X is a constant which can be the sum of multiple distinct
contributions e.g. fresh air exchange, viral inactivation, as discussed in more detail below. We have that
n(t) obeys

dn

which has the usual solution of a transient term decaying at a rate A toward a steady state n., = S/\:
n () = g + (1. (0) = neg) e

In the cases we consider, we assume that the environment starts off “clean” —i.e. that n(0) = 0. That is, we
assume there are no viral particles in the air before the choir assembles, or before the riders enter the bus,

etc. In this case, we have

n(t) = neg (1 — e_M)

Since the concentration C = n / V where V is the volume of the room, we can solve for the total inhaled

particles N over a time T (where B is the breathing rate i.e. the volume inhaled per unit time).

N = B/OT dtC(t) = BT Ceq (1 - % (1- e—”)) 1
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Here C,, is the steady-state (equilibrium) concentration of virions in the space.

_Meg _ S
Ceq = VoAV

It is convenient to rewrite the expression for IV in terms of a dimensionless attenuation factor G which

expresses the net effect of viral removal, where

G =AT(1— %(1 _ ATy @)

We can then write N more compactly as the product of the total virions exhaled (ST) and the fraction of the
total room volume (adjusted for G) that the susceptible patients inhale (BT /GV),
BT

From , we can derive expressions for either S’q or Ny. For §q, recall that the inhaled quanta ¢ = N/Ny and
that S'q = S/Ny. Further, per the Wells-Riley model, ¢ = In(1 — r), so that dividing both sides of (3) by Ny,

we have

BT

q:—ln(l—r):SqT-W

(4)

This equation links the infection rate (the first equality) to the properties of the spaces/rooms (the second
equality). This equality then permits us to solve for the source strength ¢: (1) via the infection rate (the first
equality); and (2) via detailed analysis of the spaces/rooms in each case. The second equality permits us to
solve for the source strength S, yielding,

In(l—7) GV

=" BT ©)

which tells us that the source strength is equal to the quanta inhaled per unit time multiplied by the ratio
of the room volume (adjusted by a factor G), to the volume of air inhaled. Equivalently, in (3), writing
N = —NyIn(1 — r), we have

1 = BT

No=—pa 5T Gy (6)

which is the second key equation in this work.
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Discussion of Model Inputs

Breathing rate B: The value of the breathing rate B has been well-characterized in a number of studies and
is typically assumed to be in the range of 0.45 m?/hr - 0.60 m?/hr for sedentary activities [5,/6]. Relevant
for this analysis is the measurement of Binazzi et al., which found that quiet breathing, reading with a
normal voice, and singing all had similar breathing rates (0.54 + 0.21 m®/hr, 0.54 + 0.21 m®/hr, and 0.61 +
0.40 m®/hr, respectively) [7]. The breathing rate rises to ~1.3-1.5 m®/hr during “moderate” activities (easy
cycling, climbing stairs) and ~2.5-3.3 m®/hr during “heavy” activities (cross country skiing, climbing with
load) [8]. For purposes of this analysis, we use B = 0.5 m?/hr for the choir, call center, and bus cases, and B

= 2.0 m3/hr for the fitness center case.

Decay rate \: As noted above, A is the result of several contributions that sum to give the total rate,

namely:

® \.ir= air exchange rate = rate at which fresh air replaces stale air in the room. We use the EPA recom-
mended \,i= 1.5 air changes per hour for nonresidential structures for the choir, office, and fitness
center cases [9], and 3.0 air changes/hour for the bus cases based on the measurements of Tong et
al. [10] [11]. We discuss in the main text the effect of varying these values to take into account uncer-

tainties such as the difference between structures in Asia and those in the U.S.

® Adeactivation = decay rate of SARS-CoV-2 in air, due to both settling and inactivation in air. For settling,
Diapouli et al. report aerosol settling rates in indoor settings which average approximately 0.3 hr:
PM 2.5 decay rates ranged from ~0.1-0.4 hr!, while measured PM 10 decay rates range from ~0.05-
0.65 hr'! [12]]. For SARS-CoV-2 viral deactivation, both van Doremalen et al. and Fears et al. measured
the decay in infective virus in a Goldberg drum, which in principle eliminates the effects of settling.
However, van Doremalen measured a half-life of SARS-Cov-2 1.09 hours in air (\,= 0.64 hr') [13],
while Fears ef al. were not able to detect meaningful viral inactivation of 2-3 pm SARS-CoV-2 aerosols
over a 16 hour period (i.e. measured Ageactivation= 0) [14] [15]. For purposes of this calculation, we
include a contribution of 0.3 hr'! due to settling and a contribution of 0.32 hr'! due to inactivation

(averaging the van Doremalen and Fears measurements) for a total value of Ageactivation = 0.62 hrl.

* \giter = effect of filtration. In the case studies considered, there is no filtration; this parameter is only

used in the scenario analysis.
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Viral density p: Across a sample of ~ 3,300 patients testing positive in Germany, Jones et al. measured
a mean viral load of 5.7 Logio copies/mL with an estimated standard deviation of ~1.8 Logio copies/mL;
nearly all of these tests relied on nasopharyngeal and oropharnygeal swabs [16]. Similarly, in a sample
of all 4,428 positive RT-PCR tests (defined as a cycle threshold value for RT-PCR < 38.0), Kleiboeker et
al. measured a mean and median, respectively, of 5.85 and 6.05 logig copies/mL, with a range of 0.91-
10.42 Logo copies/mL, 15.3% results greater than 8 log;o copies/mL, and an estimated standard deviation
of ~2.0 log1y copies/mL (Fig [17] [18]. Other measurements include Arnaout ef al. (initial positive
results from 4,774 patients, mean of ~5.2 logig copies/mL) and Jacot et al. (initial positive results from 4,172
patients taken >99.5 % by NP swab, mean of ~6.5 logjg copies/mL, and median of 6.77 logio copies/mL)
[19,20]. Arnaout finds a maximum viral load of 2.5x 10° copies/mL (9.4 logo copies/mL) while Jacot finds
a maximum viral load of ~2 x 10 copies/mL (10.3 logyo copies/mL), broadly consistent with Kleibocker
and Jones. In all of these measurements, the probability of a given viral density drops sharply beginning at

~10® copies/mL.

Figure S1: Viral Load Distribution (Kleibocker et al.) and Assumed Viral Density p. Viral load distri-
bution (copies/mL) as measured by Kleibocker et al.. Viral loads were derived from all 4,428 positive
test results (cycle threshold value for RT-PCR < 38.0) in a U.S. testing laboratory; values include all viral
copies, some of which may not be infective. Viral load is referenced to the left hand axis and shows a
peak near 7.5 logjo copies/mL, near the assumed value of p. The cumulative sum of the Kleibocker et al.
distribution is also shown, in reference to the right hand axis.

There are a few subtleties in interpreting this data. First, the remarkable breadth of the distribution --
spanning 9 orders of magnitude in viral titre -- needs to be interpreted carefully. The PCR tests underlying
the distribution were taken at different points after infection, so the wide range of viral loads arises from
not only inhomogeneity across patients, but also, changes during disease progression [21]]. Said differently,
a single patient tested continuously from exposure to recovery would show a range of viral loads from the
limit of detection (~100 copies/mL) to the peak viral load (conceivably 107-10° copies/mL). However, as
discussed in the main text, Goyal et al. find that at peak infectiousness (the relevant range for this work),
the distribution of viral loads is much narrower.

Second, although it has been shown that infectiousness strongly correlates to viral density at a fixed
point in disease progression [22], not all virions detected by RT-PCR are infectious, and the fraction of
infectious virions may change over time or depend in a nonlinear way on the viral density [23]. For the

superspreading events we considered, the index patients were either pre-symptomatic or just beginning
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to experience symptoms. Modeling work by Ke et al. suggests that at representative peak viral loads of
107 copies/mL, 20-90% (i.e. order 1) of virions are infective , but a much smaller fraction (10% or less) is
infective at lower viral loads of e.g. 10% copies/mL [23]; these lower viral loads would present themselves
after peak infectivity. These results are consistent with laboratory results, where infectious virus can be
cultured only shortly after symptom onset [24-29]. Bullard et al. found that ~ 30-80 % of of samples
in days 1-5 after developing symptoms (mean Ct values ~20-30) yielded positive cell cultures, but that
no samples after day 8 yielded positive cell cultures [26]. Similarly, Wolfel et al. were able to recover
live virus from 17% of swab samples and 83% of sputum samples in the first week of symptoms but not
thereafter [25]. Similar results are observed in hamsters and ferrets [30,31]. To the extent that we considered
index patients at the onset of symptoms when the viral loads detected by PCR are a maximum [32,33],
infectious virions will be on the order of total virions. We therefore assume that viral loads for the index
patients are characterized by the narrow range of viral load peaks found using PCR, and that those loads
represent competent virus; however, we note that later in the course of the illness this approximation would
be enormously inaccurate [34]. Finally, we emphasize that the narrow range of Sy (breathing, talking) Values that
we found supports the suggestion that the viral load of replication competent virus was similar for all index
patients.

Finally, some care must be taken in translating viral loads measured by NP swab to viral loads in
aerosols. The NP swab sample is placed into viral transport medium, and the number of copies/mL re-
ported by RT-PCR includes the effect of this dilution: that is, the viral density in the fluid sampled from the
nasopharynx is greater than the measured viral density from the viral transport medium. However, in the
cases studied here, viral emission is dominated by talking (or singing), for which aerosolized particles orig-
inate from the laryngeal region, which has a different and lower viral density than the nasopharynx [35-39].

As discussed in detail below these two effects are approximately offsetting.
Discussion of Viral Loads in Swabs

The value of the viral density p represents the number of viral copies/mL in emitted aerosols. Reported
viral copies/mL — from nasopharyngeal (NP) or oropharyngeal (OP) swabs, saliva, or sputum — can differ
from p for at least two reasons: first, the sample itself may or may not be diluted prior to a copies/mL
measurement; and second, the sample may or may not be taken from a part of the respiratory system that
is relevant to p.

On the issue of dilution, sputum and saliva samples are frequently measured in native conditions [25,
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40]], while NP and OP swabs are typically placed into 1-3mL of viral transport medium [19,25,38]. Swabs are
usually left in place for several seconds to absorb secretions [41}/42]], and the absorption capacity is typically
of order 100-150 pL [43]. This suggests a dilution of order 10-30x of the nasopharyngeal/oropharyngeal
fluid by the viral transport medium.

On the issue of the relevant part of the respiratory system, aerosols generated by different activities
originate from different parts of the respiratory system, which may in turn have different viral loads [35H37].
Johnson et al. measured the particle size distributions during breathing, speaking, and coughing, and found
three distinct modes with different origins [35-37]|: (1) breathing produced aerosols with a median diameter
of 0.8 um. These particles are believed to be generated in the bronchioles during closing and reopening of
small airways. (2) Speaking and coughing created similar sized aerosols (median diameter of 1.0 pm),
but these aerosols originate in the laryngeal region; Johnson et al. specifically tested for this effect using
unmodulated vocalization in order to avoid the effect of large oral particles. (3) Speaking and coughing
also created large particles (median diameter 200 ;m) which were confirmed via dye to originate from
saliva.

In the situations analyzed here, because ¢yiking is approximately 50 times larger than @preathing, the sec-
ond mode (small aerosols due to speaking) will dominate airborne viral transport. To the extent that these
aerosols arise from the laryngeal region, oropharyngeal swabs are likely to be more representative of vi-
ral densities than nasopharyngeal swabs. In turn, various measurements have shown that oropharyngeal

swabs have significantly lower viral loads than nasopharyngeal swabs:

* Hernes et al. performed PCR measurements of contemporaneous NP and OP swabs from 32 patients
with influenza. Both swabs were diluted in the same volume of viral transport medium, so a compari-
son of cycle threshold values gives a direct measurement of the relative viral loads in the nasopharynx
and oropharynx. On average, NP swabs had 54 times higher viral loads than OP swabs, with a ratio

of 23 times for Influenza A and 80 times for influenza B [38§]].

¢ Hernes et al. performed a similar set of measurements on 19 elderly patients, testing for a range of
respiratory viruses through PCR. On average, across patients and viruses, the viral load was 19 times

higher in NP swabs than in OP swabs [39].

e Wang et al. compared 120 matched NP/OP swab pairs for SARS-CoV-2 patients, of which 57 were
positive by either NP or OP swabs (“true positives”) [42]. Of these 57 patients, 52 had a lower Ct

value (higher viral load) for NP swabs versus OP swabs. The mean Ct value of NP swabs was 35.3
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(95% CI 33.9-36.8), while that of OP swabs was 38.7 (95% CI 37.7-39.6). The difference in mean Ct

2 34

values of 3.4 corresponds to a factor of ~ ~ 10 greater viral load in NP swabs than OP swabs, not

dissimilar to the Hernes measurements.

The greater viral load in the nasopharynx versus the oropharynx (~ 10-50x) is therefore (for unrelated
reasons) approximately offsetting to the dilution of NP swabs by viral transport medium (~ 10-30x). As a
side note, we have assumed in these calculations that the difference in quanta emission rates in speaking
and breathing are due only to differences in emitted aerosol volumes. However, viral densities in spu-
tum/the lower respiratory system (breathing) are generally thought to be higher than in the oropharynx
(speaking) [25]/44], so the difference between breathing and speaking may be narrower than the factor of

~46 we find here.

Volume expelled per unit time ¢: We first discuss the relative contributions of talking, breathing, and

singing, and then the differences in measurements of ¢ in the literature.

o Talking: Stadnytskyi et al. recently measured aerosol volumes by scattering of laser light off droplets
generated during repetition of the phrase “stay healthy” for 25 seconds [45]. The study infers a de-
hydrated droplet diameter of ~4um and a hydrated droplet diameter ~12-21 pm, corresponding to
hydrated volumes of 60 to 320 nL. We use the average of these two values —i.e. when talking, dtaiking

=190nL/25s =7.6 nL/s = 2.7 x102 mL/hr.

® Breathing only: Morawska et al. measured differences in expelled particle density when only breathing
and when talking (e.g. saying “aah” and counting) [46]. Averaging across the talking and quiet
breathing scenarios, these measurements show that talking releases about an order of magnitude
more particles by number than does breathing while quiet, but because vocalization releases larger
particles, the volume ratio of talking to only breathing is higher, at ~45.7x [47]. Thus, for breathing
We US€ Ppreathing = 1/45.7x 7.6 nL./s ~0.2nL/s=6.0 x10* mL /hr.

¢ Singing: Singing expels about 6 times as many particles as talking [48,49], so for this case we use

Psinging =6 x 7.6 nL/s =45.6 nL/s. ==1.6 x10! mL/hr.

The order of magnitude of the volume of aerosols emitted during talking varies significantly in the
literature depending on the measurement method used. For instance, Miller ef al. estimate, based on the

work of Morawska, that speaking results in emission of ~1-10 nL of aerosols per hour [3}46], while Evans
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estimates that breathing and speaking emit 60 and 600 nL/hour, respectively [50]. In contrast, Stadnytskyi
et al. find volumes of 60-320 nL over just 25 seconds of speaking -- some 3-4 orders of magnitude higher.
This large difference may be due partially to the differences in particle sizes measured. Stadnytskyi et
al. estimate that the aerodynamic particle sizer (APS) method used by Morawska et al. may measure
particles of hydrated diameter ~8.7 pm and less, which are outside of the 12-21 um range in the scattering
experiment [45]]. Nonetheless, a sharp drop of 3-4 orders of magnitude for a halving of the particle diameter
is surprising. A second factor that may account for the difference is that the measurement of Morawska et
al. uses an APS, which may not count all particles emitted. Asadi et al., who perform similar measurements
to Morawska using an APS, note that their reported particle emission rates are to be viewed in relative, not
absolute terms [48].

We believe that Stadnytskyi’s estimate is the more appropriate one to use here as it is corroborated by
similar measurements as well as by exhaled breath condensate measurements. In the case of talking, Smith
et al. recently performed a similar measurement to Stadnytskyi on 7 volunteers, measuring particle sizes
for talking and coughing [51]. They found that talking emitted particles with a 1-10 pm range (average
diameter of 4 um), and that a “superemitter” with ~ 17 times the volumes of those of other volunteers
emitted 0.003 = 0.001 g when saying “stay healthy” 10 times. Assuming a 15 second speaking time and an
aerosol density equal to that of water, this mass measurement corresponds to a typical (non-super-emitting)
individual emitting 4.2 x 102 mL/hour while talking, similar to our estimate (based on Stadnytskyi’s mea-
surements) of Gaiking = 2.7 x102 mL/hr. A recent study of quanta emission rates across various airborne
viruses has also adopted the volumes measured by Stadnytskyi et al. [52].

As a further cross-check, we can compare our computed value of ¢preathing to experiments that measured
respiratory fluids using exhaled breath condensates (EBCs). In an EBC measurement, a patient breathes
into a chilled tube which collects the condensed breath. That condensed breath can then be tested for
volatile and non-volatile constituents, including pathogens [53-55]. Breath samples consist almost exclu-
sively of water vapor from the lungs. The water vapor cannot carry the virus, but the breath samples
also contain a small contribution of aerosols from respiratory fluids. Those aerosolized fluids can carry
viruses, as well as other non-volatile condensates that are present in the respiratory system. Thus, EBC’s
include both condensed water vapor and condensed aerosols. Effros ef al. compared the concentration of
non-volatile solutes in condensed respiratory fluids to the concentration of the same solutes in airways.
They found that the concentration of the non-volatile solutes in EBC’s was reduced by an average factor of

~20,000:1 (+ ~2,500:1) over the concentrations in lungs, with the reduction factor varying between ~1000:1
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to ~50,000:1 [53] [56]. If the non-volatile solute concentration in exhaled droplets is similar to concentra-
tions in lungs, then respiratory aerosols account for ~1/20,000 of the total water loss through breathing.
Water loss through breathing is well-characterized at ~350-400 mL/day (~16 mL/hr) [54]57]. The dilution
factor of 20,000 from EBC measurements would therefore imply aerosolized breath volumes of 16,/20,000 =
8 x 107* mL/hr, consistent with our value of Pbreathing Of ~ 6 x 10~* mL/hr [58]. In a separate publication,
Effros et al. estimate that ~4.5 nL of airway lining fluid is exhaled per liter of breath [55], which, assuming
a breathing rate of 500 L/hr (0.5 m?3/hr), translates into ~ 2.3 x 1073 mL/hr of emitted volume, within a
factor of ~4 of our figure for Ppreathing Of ~ 6.0 x 10~* mL/hr. That is, the volume of breathing aerosols im-
plied by Stadnytskyi’s (and Smith’s) speaking measurements and our assumed ratio of breathing /speaking

volumes are consistent with the volume of breathing aerosols from EBC measurements.)

Check: Singapore Isolation Wards Calculation

As discussed at some length above, the model used here contains several assumptions — that the well-
mixed model applies, that Ct values from NP swab can be used to infer viral densities for emission without
further adjustment for dilution, and that the volumes emitted are in line with those measured by Smith and
Stadnytski [45]51]]. To further check the reasonableness of these assumptions, we consider an interesting
case study from Chia et al., who measured SARS-CoV2 viral copies in the air of three airborne infection
isolation rooms (AIIRs) in a Singapore hospital [59]. Compared to other measurements of SARS-CoV-2 in
the air, the Chia study is notable because the patients are isolated and the study reports patient Ct levels
measured by nasopharyngeal swab. The AIIR are estimated to have a volume of 50 m® and the air change
rate is reported as 12/h; all three patients were reported to be coughing [59]. We can estimate the patient
viral load from the Ct value, as well as the virion emission rate based on coughing, and compare calculated
and measured virion concentrations in the room (virus copies/m? of air). This comparison provides a
reasonableness check for using unadjusted NP-swab copies/mL values for the aerosol viral density p. The

main steps of the calculation are as follows:

* Conversion of Ct value to copies/mL: Although the precise conversion of Ct to copies/mL will de-
pend on the efficiency and limit of detection of each assay, in practice these values are often similar,
such that conversions from different studies will give similar copies/mL values. For this calculation,
we average the results of converting Ct to copies/mL using the Zou, Jones, and Jacot formulae (see

the section "Discussion of Ma et al. Exhaled Breath Measurement" in the Supporting Information for

10
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details); Goyal ef al. follows a similar procedure and uses the Zou conversion in his analysis in cases
when only the Ct value is reported [32]. The result is not highly sensitive to which of the three con-

versions is chosen: for instance, for patient 2, the range of viral loads is 1.1 x10% - 4.7 x10® copies/mL.

¢ Aerosolized volume emitted per hour: This is the product of coughs per hour and the volume of

aerosols per cough.

— We are not aware of any direct measurement (or reporting by Chia) of the cough frequency for
SARS-Cov-2 patients, but in a sample of 142 influenza patients, Yan et al. measured a cough
frequency of 33 coughs/30 minutes for male volunteers and 21 coughs/30 minutes for female
volunteers — i.e. approximately 1 cough per minute [60], which is the value we assume here. As
a reasonableness check, Zhang et al. assume 22 coughs/hour for their simulation of influenza

transmission [61].

— For the volume per cough, we can calculate from Morawska’s measurements (which only con-
sider aerosol particles) that a single cough releases ~11 xthe volume of breathing for 1 minute;
using our previously derived value of ¢preathing= 6-0 x10* mL/hr, we calculate that a single cough
releases 1.1 x10* mL of aerosolized particles. We emphasize that the total fluid volume due to a
cough is much larger than this due to droplets, but we are only interested in aerosols. As a check,
Smith et al. recently measured that a super-emitter, who emitted 17 times as much as other vol-
unteers, released a mass of 0.07 & 0.05 g of fluid per cough, of which 2 +1 percent was of aerosol
size, and the remainder were large droplets (100-1000 ym). This implies an aerosolized volume

of 8.2 x10® mL per cough, very close to the 1.1 x10* mL above.

— Combining these values of 1.1 x10* mL of aerosols/cough and a coughing rate of 1 per minute,

we get a volume @eoughing = 6.7 x10° mL/hour.

¢ Concentration in room: We then can calculate the steady state concentration of viral copies in the
room as C' = pocoughing / AV, where A = 12/hr and V' =50 m?; the volume is derived from the stated
exhaust flow rate of 580 m ®/hr and the air changes of 12/hr. We compare this to the viral copies/
m? found for the particle size range 1-4 um reported by Chia et al. in the right two columns of Table
S1. We emphasize that there are no adjustments for the NP swab number of viral copies/mL in the
calculation; nonetheless, the calculated concentrations are quite close to the reported concentrations.

That s, if we use the unadjusted copies/mL derived from nasopharyngeal swab, we are able to closely
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298

299

300

301

302

303

reproduce, at least in this case, the observed airborne viral concentration. This calculation provides
some support for the idea that the dilution of the NP swab due to the viral transport medium is
approximately offset by the lower viral load of the oropharyngeal region versus the nasopharyngeal

region.

Table S1: Estimated and Reported Airborne Concentrations in Singapore Isolation Rooms measured

by Chia et al. [59]

Calculated Measured

Patient Ct Value p [copies/mL] C [copies/m?®] C [copies/m?]

1 33.22 8.1 x103 <1 ND
2 18.45 2.0 x108 2199 1384
3 20.11 6.3 x107 707 927
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